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Virtual Reality (VR) simulations can be a very powerful tool in the hands of architects, 
engineers and scientists.  With it enhances features it could be a turning point where it 
gives a new interesting and exciting environment that could motivate students’ learning 
and interest in particular subjects.  The research problem under consideration presented in 
this paper is important on several theoretical and practical grounds.  Physical robot costs 
thousands of dollars.  Many institutions cannot afford to facilitate enough physical robots 
to cater for all robotics students.  Due to this problem, it is necessary to have a virtual 
robot system for the students to practice on it before actually operating on the real robot. 
The mission of this system is to make students familiar and understand the task operation 
of the robot before class, during and after class.  The steps involved in achieving the 
objective were conceptual background studies on robotics teaching, prototype design and 
development and testing on polytechnic students who took robotics course.  The issues 
concern the statistical data found on testing, costs involved and the relevance of 




As the dependence on computer increased, it has resulted the rapid development of faster 
microprocessor that provides faster central processing units (CPU) and better graphics 
display cards.  This has resulted in the widely use of computer graphics in assisting many 





tasks.  Computer graphics has made it possible for the average home-user to explore the 
new era of technology commonly known as Virtually Reality (VR). 
VR has captured the imagination of many researchers and teachers in universities and 
industries around the world.  There were many articles and books written on VR 
describing the concepts, devices, benefits and potential applications in everyday life.  
Ever since it was first introduced by Sutherland 35 years ago, the research projects in 
universities or industrial products that reached the marketplace is fairly limited.  The 
largest application for VR is in game products.  However, through out the later years, 
more attention is being paid to VR application in education, surgery, simulations and 
training, as the future use of this technology is very promising.  
 
The term ‘virtual reality’ is used to describe a technology that enables interactive real-
time viewing, makes the world on the window look real, sound real and feel real [1]. It 
was also characterized as the illusion of participation in a synthetic environment rather 
than external observation of such an environment.  VR relies on 3D, stereoscopic, head 
tracked displays, hand/body tracking and binaural sound.  VR lets you navigate and view 
a world of three dimensions in real time, with six degrees of freedom (d.o.f.).  In essence, 
VR is clone of physical reality [2].  VR, in many ways has created an opportunity 
towards assisting and enhancing the educational process and techniques.  One of the 
characteristics that VR provides is constructivism hence enables to create a ‘learning by 
doing’ atmosphere [3]. 
 





Students who were taking the robotics courses in universities confronts with the problems 
of the basic robotics principles understanding due to lack of exposure. The same problem 
occurs in universities, as more robotics equipment is needed to fulfill the needs of more 
students.  
 
The major problem facing many institutions proposing a course in robotics is the amount 
and type of students’ exposure to real robots [4]. It is important for the students to be 
exposed to the robots in their learning process. During practical sessions, each student is 
expected to have access to the robots and study them. Due to the physical robot being 
expensive, many academics institution cannot facilitate enough robots to the entire class.  
Therefore, utilizing VR as a tool to develop fully functional 3D virtual robots can 
substantially minimize the ownership cost. 
 
This research will put forward the idea of using VR as a teaching and training tool in 
robotics, by first building the prototype of visual robot arm by using the Virtual Reality 
Modeling Language or VRML and finally to evaluate the outcome as a means to facilitate 
robotics courses (with the emphasis on the robot arm). The project will use an affordable, 
non-immersively VR system. It allows user to navigate and interact with a 3D computer-




The basic system requirement for the hardware application will be: 






   PC system                    :  Pentium-200 MMX or equivalent 
   RAM                            :  32 MB 
   CD-ROM speed           :  4X 
   Video Mode                 :  SVGA with 2MB of video memory 
   Hard Drive                   :  450MB 
   3D Accelerator Board  : Yes  
 
Interaction paradigm in VR that makes it feasible for the virtual robot to be implemented 
is described as below [5]. 
Camera Control 
 
Observation of the scene is essential to the user, because it provides information about 
his/her location in virtual world.  Intuitive camera control is responsible for the 
immersion feelings in VR.  Camera movements can be steered by using mouse, joysticks 




In many cases, user may want to explore the whole environment.  This could be achieved 
by using appropriate medium.  For the use of virtual robot, hand directed style is used.  
Position and orientation of hand determines the direction of motion in virtual world. 
 
Selection (object picking) 
 





To perform any action that causes the change of virtual world state, the user must first 




Once the object is selected the user must be able to manipulate it: move, rotate, scale, 
change attributes etc.  This can be achieved by defining special button presses, hand 
gestures or menu entries that choose a proper tool.  These tools can be driven by physical 




Virtual reality with its broader input and output channels, autonomous guiding agents and 
space metaphors offers the enhancement of human perception and makes information 
searching and understanding faster. 
 
3.0 Results on Pilot Study 
 
They were 28 students involved in the survey.  The questions in the survey were 
developed by referring to the techniques suggested by most researchers in investigating 
VR research.  One of the research was to measure presence in VR and was adapted in 
categories; autonomy, the extent to which the VE is more than a passive geometry, 
interaction, the degree to which VE parameters can be modified at runtime and presence, 





the measure for the number and fidelity of available sensory input and output channels 
[6,7].  For the questions on the VRS, the questions were based on the guideline of robot 
functions; quick response, flexible device, safety, ergonomic, training and man-machine 
relationship [8,9]. Questions on the VR technology consist of the issues on the attitudes 
towards VR in 3D representation, functionality inclusive the animation, real time 
interactivity, navigation and ergonomic issue; ease of use, easy to understand and user 
friendly.  The effects of disorientation and stress were also studied.  The questions were 
designed in such a way the students can choose the answer ranges from disagree to very 
agree scaled 1-5 in a ‘close-ended’ question [10]. The second criterion was concentrated 
in finding feedback on the VRS performance.  The issues concerned were safety, 


























Easy Interaction With VRS
 






GRAPH 1. Answers on VR Technology Questionnaire 
 
In terms of using VR technology, the results were quite overwhelming as the students 
agreed to most advantages of VR technology and the VRS.  Graph 1 shows the mean for 
every attribute. The highest mean in the graph is interesting 3D representation attribute 
while the lowest mean is they did not get stress while experiencing VR technology. 
85.7% agreed that the system is ‘ease of use’, 82.1% agreed that the system is easy to 
understand, 75% agreed that it is easy to navigate, 64.3% agreed that it is user-friendly, 
57.1% agreed that it is well function, 82.1% agreed that the animation shown mimic the 
real robot movement, 89.3% agreed that presentation in 3D is interesting and finally 
71.4% agreed that it is easy to interact within the VE. One feature that the 60.7% of the 
students answer not sure was to term real-time interactivity in the environment.   
 































Color/Texture Mimics the Physical
Color  
 
GRAPH 2. Answers on VRS Questionnaire 
 
In the section of VRS attributes, the highest mean is 6 d.o.f. view attribute and the lowest 
mean is the color/texture of virtual robot mimics the physical robot attribute (Refer Graph 
2).  64.2% agreed that the set-up time is quick, 64.3% agreed that it is ease of use as it is 
still comfortable after long hours of usage, 85.7% agreed it is safe to use, 71.5% agreed 
that it needs low level of familiarity to use the system, 75% agreed that the robot can be 
operated without much instruction, 96.4% agreed that the system can be viewed in 6 
d.o.f, 57.1% agreed that learning becomes easier using VRS, 78.6% agreed that VRS is 





an interesting learning environment and 50% agreed that the VRS is flexible, 75% agreed 
that the 3D robot represents the physical robot and 50% agreed that the virtual 
environment imitate the physical robot environment. One of the students mentioned that 
the movement of the robot arm mimics the physical robot but the students still need to 


























GRAPH 3. Answers on Learning Questionnaire 
 
For the attributes to learning process (Refer Graph 3), 78.5% agreed that this system is a 
good assisting tool, 78.6% agreed that this system gives more confidence in learning 
robotics, 82.2% agreed that the system is suitable for this topic, 75% agreed that pre-





knowledge of robot is needed prior to the testing, 92.9% agreed that the use of computer 
is important in learning robotics, 100% agreed that the viewing in many angles give more 
understanding about the physical robot and 67.8% agreed that the rotary motion shown 
imitate the physical robot motion. The highest mean for this attribute is the viewing in 




Interactive 3D graphics and VR hold great promise as tools for engineering. VR has 
potential for research in engineering education as it allows students to create, manipulate, 
and analyze 3D models relevant to their areas of study [11].  VR was regarded as a 
different mode of educational delivery when it allows affective learning to occur anytime, 
anyplace [12].  It is also agreed that visualization and representation of 3D objects has 
always been a central part of engineering.  Another example of VR application in 
engineering education is the simulation and animation to enhance student’s learning in 
mechanical engineering.  Besides physical equipment, it is emphasized that educational 
computer program must have an interesting graphical user interface including 
visualization and animation to motivate the users [13]. 
 
It was described that the critical feature of VR is believability, which is attained through 
high degrees of immersion and interaction [14].  VR also addresses Bloom’s Taxonomy 
in an alternate learning styles as in VR simulation, students are free to explore, and to 





examine their environment from any vantage point they desire and finally experience, the 
main feature of VR, is of great benefit to the learning styles.  
 
As applications and technology are evolving rapidly, employers are finding it necessary 
to spend more time and money training their employees.  Computer-based training (CBT) 
is gaining widespread acceptance in the marketplace as a cheap supplement or even an 
alternative to instructor-led training.  VR technology is being used for training in many 
sectors but because of the cost of implementing the technology, it became inaccessible to 
the marketplace at large.  The VRML technology has become a solution that brings VR 
onto the desktop and makes 3D more accessible to the end-user.  A yet compelling 
feature of VRML is the ‘de facto standard’ for 3D platform on the WWW.  It has been 
around so long, its export tools are embodied in every significant 3D package [15].  The 
VRML was heralded as the next wave of Web advance as it is a cousin to HTML for 3D 
content; a file format to bring 3D to the masses. 
 
Producing our own products software will eventually reduce the cost of buying license 
from foreign developers as commercialized software in the market cost thousands for one 
license copy.  It is the aim of this research to go for a local-made product that is designed 
to be affordable and cost effective material for students. Using open source and free 
licensing software like Cosmo World Editor, notepad and 3D modeler paves the way for 
this research to produce a cost effective application.  
 
5.0 Conclusion 






It was concluded that VRS can be operated at a minimum level of familiarity, easy to use 
and gave an interesting learning environment, the real-time interactivity feature gives 
students the freedom to operate the robot without the fear of damaging thus increases the 
confidence to operate the robot and VRS is safe to be used, as it didn’t disorient the users 
to stress or dizziness.  The results in the learning attributes showed that the virtual system 
did assisted students learning.  It is relevant in the near future to enhance the system to 
provide a better insight of VR application in robotics teaching as it has a big potential to 
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